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operation,  the  Government  thereby  incurs  no  responsibility  nor  any  obli- 
gation whatsoever,  and  the  fact  that  the  Government  may  have  formulated, 
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data,  is  not  to  be  regarded  by  implication  or  otherwise,  or  in  any  manner 
licensing  the  holder  or  any  ether  person  or  corporation,  or  conveying  any 
rights  or  permission  to  manufacture, use,  or  sell  any  patented  invention 
that  may  in  any  way  be  related  thereto.  " 


FOREWORD 


This  program  was  sponsored  by  AFRPL.  Dr.  J.  L.  Trout,  AFRPL/MKPB, 
was  the  Program  Mohitor.  Mr.  G.  F.  Mangum  was  Project  Director  and 
Mr.  D.  B.  Turner  was  Program  Manager  for  the  Thiokol  Corporation. 

Mr,  O.  R.  Pritts  was  Principal  Investigator.  Significant  contributions  were 
made  by  Mr.  J.  M.  Nelson  in  Stress  Analysis  and  Physical  Properties 
Testing,  Mr.  G.  A.  Collingwood  in  Stress  Analysis,  and  Mr-  J.  D.  Marlin,  III 
who  acted  as  Test  Engineer.  The  contract  was  performed  over  the  period 
September  1972  to  May  1974. 
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Aeroheat  Analysis,  THVINC,  Uninstrumented  Motor  Test,  Instrumented 
Motor  Test,  Gage  Calibration,  Failure  Criteria,  Propellant  Characteristic^, 
* Temperature 


STRACT  (Continue  on  reverie  aide  It  neceeiary  and  Identity  by  block  number) 

A program  was  conducted  in  which  the  response  and  failure  characteristics 
of  solid  propellant  rocket  motors  when  subjected  to  transient  thermal 
conditions  representing  air  launch  operational  environments  were  recorder 
and  analyzed.  Future  Air  Force  mission  profiles  were  used.  The 
Maverick  motor,  AGM-65A,  was  used  as  a test  bed  on  the  program. 
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INTRODUCTION 

This  volume  contains  the  data  summary  of  the  tests  conducted  on 
the  three  instrumented  SALE  motors.  The  volume  is  divided  into  three 
separate  sections:  Section  A,  IM  #2  Data  Summary;  Section  B,  IM  #3  Datn 
Summary;  and  Section  C,  IM  # 1 Data  Summary.  A test  summary,  a motor 
drawing  showing  the  location  of  the  gages,  and  data  from  the  tests  conducted 
on  the  instrumented  motor  are  presented  in  each  section  for  the  three 
respective  motors. 
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TEST  HISTORY  OF  IM  # 2 


Test 

No. 

Date 

Aeroheat 

Mission 

Initial  Motor 
Temperature,  °F 

A-  1 

73  Aug  03 

DMP-3 

-65 

A-2 

7 3 Aug  06 

DMP-3 

-b5 

A-3 

73  Aug  07 

SFPI 

-65 

A-4 

73  Aug  08 

SFPI 

-65 

A-  5 

73  Aug  09 

HSMH 

-65 

A-6 

73  Aug  10 

HSMH 

-65 

A-7 

73  Aug  2? 

HSMH 

80 

A-8 

73  Aug  24 

HSMH 

140 

A-9 

73  Aug  27 

HSMH 

0 

A- 10 

73  Aug  28 

SFPI 

-40 

A- 11 

73  Aug  29 

SFPI 

80 

A- 12 

73  Aug  30 

SFPI 

-65 

A-  13 

73  Aug  31 

SFPI 

80  “*40* 

A- 14 

73  Sep  04 

SFPI 

80  "*-40* 

A- 15 

73  Sep  05 

SFPI 

140  “*  -40 

A-16 

73  Sep  06 

SFPI 

140  --40 

A-  17 

73  Sep  07 

SFPI 

-65 

A-  18 

73  Sep  19 

SFPI 

-65 

A-  19 

73  Sep  20 

SFPI 

-65 

A-  20 

73  Oct  08 

DMP-3 

-65 

A-2 1 

73  Oct  10 

HSMH 

-65 

‘u  O 

Motor  equilibrated  at  80  F,  then  rapidly  cooled  to  case  wall 
temperature  of  -40°F  before  aeroheating. 
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Time,  Seconds 

Temperature  profile  Histories  for  various  Aeroheat  ipads . Test  A - 


A - 3 (SFPI) 
Temperature  Profile 


Time,  Seconds 

Temperature  Profile  Histories  for  Various  Preheat  Loads  . Test 


: otr  r - I M # 2 

est  - A -4  (SFPl) 

age  - Temperature  Profile 

ocation  - Center 


mperature  ftofile  Histories  for  Various  Aeroheat 
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esponse  to  Aero  heat  Loads.  Gage  N2-42  Test  A-2  (DMP-3) 


Headend  Normal  Stress  Response  to  Aeroheat  Loads.  Gage  N2-42  Test  A- 


Head  End  Normal  Stress  Response  to  Aeroheat  Loads  - Gage  N2-51  Test  A- 


Head  End  Normal  Stress  Response  to  Aeroheat  Loads  - Gage  N2-51  Test  A 
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Mid  Motor  Normal  Stress  Response  to  Aeroheat  Loads.  Gage  N2-51  Test  A- 


d Motor  Normal  Stress  Response  to  Aeroheat  Loads.  Gage  N2-51  • Test  A- 
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Mid  Motor  Normal  Stress  Response  to  Aeroheat  Loads.  Gage  N2-48  Test  A- 


ge  output  being  adjusted  to  zero  (0)  reading 
uilibrated  to  a temperature  of  +170°F 


Motor  Normal  Stress  Response  to  Aeroheat  Loads.  Gage  N2-48  Test  A- 


Motor  Normal  Stress  Response  to  Aeroheat  Loads.  Ga:ge  N2-48  Test 


Motor  Normal  Stress  Response  to  Aeroheat  Loads.  Gage  N2-46  Test  A- 
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Aft  Motor  Normal  Stress  Response  to  Aeroheat  Loads.  Gage  N2-46  Test  A- 


Motor  Normal  Stress  Response  to  Aeroheat  Loads.  Gage  N2-46  Test  A- 


Motor  - IM 


Head  End  Shear  Stress  Response  to  Aeroheat  Loads--Gage  S2-105 


Head  End  Shear  Stress  Response  to  Aeroheat  Loads--Gage  S2-105 


HeadEnd  Stress  Response  to  Aeroheat  Loads.  Gage  S2-105 


esponse  to  Aeroheat  Loads  Gage  S2-105  Test  A- 


d Stress  Response  to  Aeroheat  Loads.  Gage  S2-105  Tes 


Head  End  Stress  Response  to  Aeroheat  Loads.  Gage  S2-110  Test  A- 


Head  End  Shear  Stress  Response  to  Aeroheat  Loads  - Gage  S2-110 
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esponse  to  Aeroheat  Loads 


Aft  End  Shear  Stress  Response  to  Aeroheat  lx>ads  - Gage  S2-111 
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Response  to  Aeroheat  Loads.  Gage  S2-111  Test  A- 


Aft  End  Shear  Stress  Response  to  Aeroheat  Ix^ads  - Gage  S 2- 


Aft  End  Shear  Stress  Response  to  Aeroheat  Loads  - Gage  S2-111 


rain  Response  to  Aeroheat  Loads.  Gage  C2-16  Tes 


Bore  Strain  Response  to  Aeroheat  Loads.  Ga.ge  C2-16  Test  A- 


®ore  Strain  Resporse  to  Aeroheat  Loads.  Gage  C2-16  Test  A- 


•e  Strain  Response  to  Aeroheat- Loads  . Gage  C2 


e Strain  Response  to  Aeroheat  Loads.  Gage  C2-17  Test  A- 


Time,  Seconds 

Bore  Strain  Response  to  Ae reheat  Loads.  Gage  C2-17  Test  A- 


TEST  HISTORY  OF  IM  #3 


Test 

Date 

Aeroheat 

Mission 

Initial  Motor 
Temperature, 

A-l 

73  Dec  04  (1335  hrs) 

DMP-3 

-65 

A-2 

73  Dec  06  (1330  hrs) 

DMP-3 

-65 

A-3 

73  Dec  07  (1320  hrs) 

DMP-3 

-65 

A-4 

73  Dec  11  (0910  hrs) 

HSMH 

+ 55 

A-5 

73  Dec  21  (1510  hrs) 

HSMH 

-65 

A- 6 

73  Dec  27  (1300  hrs) 

HSMH 

-65 

A-7 

73  Dec  28  (1500  hrs) 

SFPI 

+ 60 

A-8 

74  Jan  03  (1520  hrs) 

SFPI 

0 

A-9 

74  Jan  04  (1500  hrs) 

SFPI 

-40 

A-l  0 

74  Jan  08  (1500  »— j) 

SFPI 

-40 

A-l  1 

74  Jan  10  (0830  hrs) 

DMP-3 

-65 

A-12 

74  Jan  11  (1350  hrs) 

SFPI 

-65  ‘ 

A-13 

74  Jan  14  (1330  hrs) 

SFPI 

-65 

A-14  ' 

74  Jan  15  (1330  hrs) 

SFPI 

’-65 

A-l  5 

74  Jan  16  (1500  hrs) 

SFPI 

-65 

A-16 

74  J^n  17  (1430  hrs) 

SFPI 

-65 

A-17 

74  Jan  13  (1300  hrs) 

DMP-3 

' -65 

mperature  Profile  Histories  for  Various  Aeroheat 


Temperature  Profile  Histories  for  Various  Aeroheat  Loads  (Test  No. 


Test  No 


Temperature  Profile  Histories  for  Various  Aeroheat  Loads  (Test  No. 


Temperature  Profile  Histories  for  Various  Aeroheat  Loads  (Test  No.  A-7) 


1M  d 3 
A 8 (SFPI) 

Temperature  Profil 
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Temperature  Profile  Histories  for  Various  Aeroheat  Loads 


Various  Aerr  neat  Loads 


Motor  - I M H 3 

Test  - A- 1 1 (DMP-3) 

Gage  - Temperature  Profile 
Location  - Center 
F initial  - -65°F 
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Temperature  Profile  Histories  for  Various  Aeroheat  Loads 


I <r 

!■ 
1 >, 


o 

o 

N 


O 

O 

O 


O 

O 

00 


o 

o 

sO 


u> 

V 

c 

o 

o 

1) 

M 


01 

E 


o 

o 


o 

o 

04 


84 


Temperature  Profile  Histories  for  Various  Aeroheat  Loads 
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Temperature  Profile  Histories  for  Various  Aeroheat  Loads 


Temperature  Profile  Histories  for  Various  Aeroheat  Loads 


IM  #3 
A1  (DMP- 


Normal  Stress  Response  to  Aeroheat  Loads--Gage  H3-44 


Head  End  Normal  Stress  Response  to  Aeroheat  Loads --Gage  N3-44 


Head  End  Normal  Stress  Response  to  Aeroheat  Loads --Gage  N3-44 


Stress  Response  to  Aeroheat  Loads --Gage  N3-44 


Head  End  Normal  Stress  Response  to  Aeroheat  Loads --Gage  N3-44 


Time,  second 


Head  End  Normal  Stress  Response  to  Aeroheat  Loads--Gage  N3-44 


Motor  Normal  Stress  Response  to  Aeroheat 


-Motor  Normal  Stress  Response  to  Aeroheat  Loads  - Gage  N3-47  (Test  No. 


A 5 (HSMH) 


Mid-Motor  Normal  Stress  Response  to  Aerohoat  Loads  - Gape  N3-47  (Test  No. 


K-x .. 


Motor  Normal 


Mid-Motor  Normal  Stress  Response  to  Aeroheat  Loads--Gage  N3-47 


Mid-Motor  Normal  Stress  Response  to  Aeroheat  Loads--Gage  N3-47 


Motor  Normal  Stress  Response  to  Aeroheat  Loads --Gage  N3-47 


Mid-Motor  Normal  Stress  Response  to  Aeroheat  Loads--Gage  N3-47 


400  600  800  1000  1200  1400 

Time,  seconds 

Mid-Motor  Normal  Stress  Response  to  Aeroheat  Loads--Gage  N3-47 


:or  Normal  Stress  Response  to  Aeroneat  Loads--Gage 
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Mid-Motor  Normal  Stress  Re 


Time,  seconds 

Mid-Motor  Normal  Stress  Response  to  Aeroheat  Loads  - Gage  N3-43  (Test  No.  A-4  ) 
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Motor  Normal  Stress  Response  to  Aeroheat  Loads  - Gage  N3-43  (Test  No. 


1M  “3 
A 8 (SFPI) 
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ige  output  being  adjusted  ti 
equilibrated  to  a temperatu 


Mid-Motor  Normal  Stress  Response  to  Aeroheat  Loads--Gage  N3-43 


Mid-Motor  Normal  Stress  Response  to  Aeroheat  Loads --Gage  N3-43 


Mid-Motor  Normal  Stress  Response  to  Aeroheat  Loads --Gage  N3-43 


Mid- Motor  Normal  Stress  Response  to  Aeroheat  Loads--Gage  N3-43 


Aft  End  Normal  Stress  Response  to  Aeroheat  Roads- 


d Normal  Stress  Re 


1 (DMP-3) 
1-45 


Response  to  Aeroheat  Loads 


Aft  End  Normal  Stress  Response  to  Aeroheat  Loads --Gage  N3-45 


Aft  End  Normal  Stress  Response  to  Aeroheat  Loads --Gage  N3-45 


Aft  End  Normal  Stress  Response  to  Aeroheat  Loads--Gage  N3-45 


Normal  Stress  Response  to  Aeroheat  Loads --Gage  N3-45 


d Normal 
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Aft  End  Normal  Stress  Response  to  Aeroheat  Loads --Gage  N3-45 


Normal  Stress  Response  to  Aeroheat  Loads 


Aft  End  Normal  Stress  Response  to  Aercheat  Loads--Gage  N3-45 


id  End  Shear  Stress  Response  to  Aeroheat  Loads --Gage  S3- 104 


Shear  Stress  Response  to 


Motor  - IM  "3 

Test  - A4  (HSMH) 
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Head  End  Shear  Stress  Response  to  Aeroheat  Loads--Gage  S3-104 


H iad  End  Shear  Stress  Response  to  Aeroheat  Eoads--Gage  S3-104 
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Head  End  Shear  Stress  Response  to  Aeroheat  Loads — Gage  S3-104 


End  Shear  Stress  Response  to  Aeroheat  Loads --Gage  S3-104 
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sponse  to  Aeroheat  Loads 


Head  End  Siiea.r  Stress  Response  to  Aeroheat  Loads--Gage  S3-104 


>ad--Gage  S3- 


IM  jf3 


Head  End  Shear  Stress  Response  to  Aeroheat  Load--Gage  S3- 104 


Time,  seconds 


Aeroheat  Loads  - 


Strain  Response  to  Aeroheat  Loads --Gage  C3-18 


Bore  Strain  Response  to  Aeroheat  Loads --Gage  C3-18 


Motor  - IM  k 3 

Test  - A 9 (SFPI) 

Gage  - C3-18 

Location  - Fwd 


Bore  Strain  Response  to  Aeroheat  Loads --Gage  C3-18 


Bore  Strain  Response  to  Aeroheat  Loads--Gage  C3-18 


Motor  - IM  =*3 

Test  - A -1  1 (DMP-3) 

Gage  - C3-18 

Location  - F wd 


Bore  Strain  F.esponse  to  Aeroheat  Loads --Gage  C3-18 


Strain  Response  to  Aeroheat  Loads --Gage  C3- 
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Bore  Scrain  Response  to  Aeroheat  Loads --Gage  C3-18 


Strain  Response  to  Aeroheat  Loads  --  Gage  C3-18 


Strain  Response  to  Aeroheat  L.oads--Gage  C3-18 


Bore  Strain  Response  to  Aeroheat  Load'  -Gage  C3-19 


I M “ 3 
A4  (HSMH) 
C3-19 

Aft  (small  bore) 


Bore  Strain  Response  to  Aeroheat  Loads--Gage  C3-19 


Time,  seconds 

Bore  Strain  Response  to  Aeroheat  Loads  - -Gage  C3-19 


Bore  Strain  Response  to  Aeroheat  Loads --Gage  C3-19 


e Strain  Response  to  Aeroheat  Loads — Gage  C3-19 


Bore  Strain  Response  to  Aeroheat  Loads — Gage  C3-I9 


Bore  Strain  Response  to  Aeroheat  Loads --Gage  C3-19 


Motor  - IM  # 3 ’ 
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3ore  Strain  Response  to  Aeroheat  Loads --Gage  C3-19 
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Bore  Strain  Response  to  Aeroheat  Loads --Gage  C3-20 


Bore  Strain  Response  to  Aeroheat  Loads --Gage  C3-Z0 


Bore  Strain  Response  to  Aeroheat  Loads — Gage  C3-20 


e Strain  Response  to  Aeroheat  Loads — Gage  C3-20 


e Strain  Response  to  Aeroheat  Loads --Gage 


Bore  Strain  Response  to  Aeroheat  Loads--Gage  C3-20 


UNCLASSIFIED 

SECTION  C 


SALE  IM  #3  DATA  SUMMARY 


CONTENTS 


Motor  Drawing 
Teat  History 
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TEST  CHRONOLOGY  OF  IM  #1 
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Initial  Motor 
Temperature,  °F 

A-l 

74  Feb  05  (1500  hrs) 

DMP-3 
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A-2 

74  Feb  07  (1510  hrs) 

DMP-3 

-65 

A-3 

74  Feb  08  (1310  hrs) 

HSMH 

-65 

A-4 

74  Feb  11  (1050  hrs) 

SFPI 
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A-5 

74  Feb  12  (1500  hrs) 
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A — 6 
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A- 1 1 
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Temperature  Profile 


Temperature  Profile 
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Normal  Stress  Response  to  Aeroheat  Loads  - Gage  Nl-50  (Test  No. 
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Head  End  Normal  Stress  Response  to  Aeroheat  Loads  - Gage  Nl-50  (Test  No.  A-9) 


0. 

& 

w 


ted  ‘seaa;s  I«uijon 


Head  End  Normal  Stress  Response  to  Aeroheat  Loads  - Gage  Nl-50  (Test  No.  A-10) 
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Mid  Motor  Stress  Response  to  Aeroheat  Loads  - Gage  Nl-40  (Test  No. 
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Mid  Motor  Stress  Response  to  Aeroheat  Loads  - Gage  Nl-40  (Test  No. 
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Mid  Motor  Normal  Stress  Response  to  Aeroheat  Lo<  s>  - Gage  Nl-49  (Test  No 


Mid  Motor  Normal  Stress  Response  to  Aeroheat  Loads  - Gage  N1 -49  (Test  No.  A-5) 


Mid  Motor  Normal  Stress  Response  to  Aeroheat  Loads  - Gage  Nl-49  (Test  No. 
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Mid  Motor  Normal  Stress  Response  to  Aeroheat  Loads  - Gage  Nl-4 9 (Test  No. 
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Head  End  Shear  Stress  Response  to  Aeroheat  Loads  - Gage  SI -109  (Test  No. 
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Bore  Strain  Response  to  Aeroheat  Loads  - Gage  Cl-12  (Test 


Response  to  Aeroheat.  Loads  - Gage  Cl -12  (Test  - A-10) 
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Bore  Strain  Response  to  Aeroheat  Loads  - Gage  Cl-12  (Test  A-12) 
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Bore  Strain  Response  to  Aeroheat  Loads  - Gage  Cl-13  (Test 


A -2  (OMP-3) 
C 1 - 1 3 


Bore  Strain  Response  to  Aeroheat  Loads  - Gage  Ci-13  (Test 


Aeroheat  Loads 


Bore  Strain  Response  to  Aeroheat  Loads  - Gage  Cl -13  (Test 
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